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Introduction

What is biochar?

i I , Thermal decomposiltion of biomass under low-oxic
P'y 0 ’ys S conditions and relatively low temperatures (< 700°C) Universitat fiir Bodenkultur Wien

Department fur Wald- und Boden-
wissenschaften

Carbon-enriched, aromatic solid product resulting from pyrolysis

BiOChar of biomass

- Soil amendment, C sequestration

Role model: Amazonian Terra Preta soils

Anthrosols: Pottery, animal and human waste,

charred organic material

—> higher pH, increase in Soil organic matter,
higher cation exchange capacity

Radiocarbon dating: charcoal up to 7000 years old

www.lthaka-journal.net



Introduction

Biochar properties

FEEDSTOCK
(wood, nutshells, straw,
poultry litter)

PYROLYSIS CONDITIONS
(temperature, residence
time, heating rate,...)

C sequestration
potential

Increased water and

nutrient holding
~capacity, soil

remediation potential

Universitat fir Bodenkultur Wien

volatilization, loss of C, N, H, decarboxylation, Department flir Wald- und Boden-
) : . . wissenschaften
decarbonylation, dehydration, depolymerization

_ Biochar

properties
Changes in elemental ratios
decrease of O/C, H/C ratios—> stability, aromaticity

Stable C pool
increase of C/N , enrichment in C

Increase in specific surface area, porosity
—> cation exchange capacity, habitat for
microorganisms

Increase in pH and ash content
due to enrichment of alkaline, inorganic
compounds

Enrichment of nutrients (but: potentially toxic compounds)



Introduction
The Austrian BIOCHAR project
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“Biochar for Carbon Sequestration in Soils: Analysis of
production, biological effects in the soil and economics”
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Introduction

Objectives Characterization of different biochars

Influence of feedstock and pyrolysis temperature

Formation/ accumulation of potentially toxic compounds S |
Kloss et al. (2012), Journal of Environmental Quality 41, 990-1000; cited 46 times |  orversitatfur Bodenkultur Wien

Department fur Wald- und Boden-
wissenschaften

glasshouse pot experiment

Soil fertility/ crop growth Trace element behavior
and composition in soil-water-plant system
- Varying biochar application rateson - Varying biochar
different soils (Planosol, Cambisol, application rates on
Chernozem) different soils (Planosol,
- Different biochar types on one soil Cambisol, Chernozem)
(Planosol) - Different biochar types on
- Different N fertilization rates with/ without one soil (Planosol)
biochar Kloss et al. (2014), Science of the Total
Kloss et al. (2014), Journal of Plant Environment 481, 498-508
Nutrition and Soil Science 177, 3-15 Kloss et al. (2014), Environmental Science

and Pollution Research, under revision.




Results

Biochar characterization

Three feedstocks slowly pyrolyzed

(Triticum aestivum, populus tremula, picea abies)

Three pyrolysis temperatures:
400°C, 460°C, 525°C

Basic characterization

pH

Electrical conductivity (EC)

Ash content

Cation exchange capacity (CEC)
Specific surface area (BET-N,)
Total C,Nand H
Water-extractable major
elements

Ash composition (XRF)

Molecular/ mineralogical

characterization

Differential Scanning
Calorimetry (DSC)
Fourier-Transform Infrared
Spectroscopy (FTIR)

X-ray diffraction (XRD)

Universitat fir Bodenkultur Wien
Department fur Wald- und Boden-
wissenschaften

poplar

Ecotoxicologically relevant
parameters

- Water extractable
trace elements

- Polycyclic aromatic
hydrocarbon (PAH)
content and
composition (EPA 16)



Results

Biochar characterization

KU
R

Universitat fir Bodenkultur Wien
Department fur Wald- und Boden-

. . . wissenschaften
Basic characterization
Pyrolysis
mperature h
pyrolysis pH EC ash C SSA CEC PAHs te _pe a:}tj et as
temperature | (CaCl)! (mSem?) (w99’ (w9’ (Mg’ (mmolkgly'  (mgkg® | IMpOrtan
influence on
feedstock 3.6 442+04 a most properties
% 400°C 9.1 1.08 9.7 65.7+19 b 48+05 a 161.6 £15.6 e 52+29 a
ﬁ 460°C 8.7 4.92 12.0 72.4 + 4.9 bcde 28x18 a 1170+ 21.2 cd 10.7+5.6 ab Accumulation
525°C 9.2 4.43 12.7 744+49 cde 142+40a 9772194 bc 33.7+x2210D
of ash, carbon
feedstock 1.1 46.1+£0.8 a
3 ° . . 3+08bc 30%06 144.0+5.6 d 43+18 a
<_g_ 400°C 9 1.04 3.5 67.3x0 C a e Increase of
8  460°C 9.2 0.70 5.7 70000 bed 82%01a 1283%17.7 cde 17936 ab  gpecific
525°C 8.7 0.86 6.8 779+1.0 de 557+x195b 107.6+£7.6 bcd 20+£08 a surface area,
1 single determination but decrease
i determined in triplicate (means + standard deviation) of CEC

Kloss et al. (2012), Journal of Environmental Quality 41, 990-1000



Biochar characterization
Molecular characteristics of poplar feedstock and biochars

Differential scanning calorimetry Fourier-Transform Infrared Spectroscopy _

Results @
| KU

(DSC) (FTIR) Universitat fur Bodenkultur Wien
Department fur Wald- und Boden-
O-H Arom.C-H . wissenschaften
\l/ Aliph.C-H Arom.C=C
!
B osc g Zg "
7 e =2s .
c TTASE L
; E J‘jb\ &
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IS = y
L Q W
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= | g S u\\
laocec N
J Ifeed- NJ{/\/
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emperature (°C) Wavenumber (cm!)
= Increase in aromaticity/(thermal) stability — Net decrease of functional groups with
with increasing pyrolysis temperature increasing pyrolysis temperature

Kloss et al. (2012), Journal of Environmental Quality 41, 990-1000



Results

Biochar characterization

Individual PAHs in % of total PAH composition

(based on US EPA 16)

Cro

Universitat fir Bodenkultur Wien
Department fur Wald- und Boden-
wissenschaften
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poplar

400 460 525
Pyrolysis temperature (°C)

—> Increasing dominance of
naphthalene with increasing pyrolysis
temperature

460
Pyrolysis temperature (°C)

I naphthalene
[ fluorene

I fluoranthene
[ benzo(a)pyrene
I phenanthrene
[ anthracene

525

Kloss et al. (2012),
Journal of Environmental Quality 41, 990-1000




Pot experiment: Design @Ku
Four different biochars: Two application rates:

Wheat straw [525°C] _
Mixed WOOdChipS [525°C] 1 and 3 W'-% Universitat fur Bodenkultur Wien
Vmeyard prumng [525°C] (equals 30 and 90 t ha'1) D_epartmentf[]r Wald- und Boden-
Vineyard pruning [400°C] nissenschaften

Three soils: Three successive crops: Start in Nov. 2010
Planosol (sandy loam, pH 5.4) Mustard (Sinapis alba L.) fertilization:
Cambisol (clay loam, pH 6.6) Barley (Hordeum vulgare L.) Mustard: 40 kg N ha-!
Chernozem (silt loam, pH 7.4) red clover (Trifolium pratense L.) barley: 100 kg N ha"

GEOLOGY
B Granite / gneiss

® Tertiary sediments
A Loess

]
Planosol

50 100 Kilometers




Pot experiment: Analyses

Effects on soil fertility and Effects on trace element
crop vield behavior

B, Al, Mn, Cu, As, Se, Mo, Cd, Pb

Mustard, barley, clover

- Above-ground biomass

- N concentration

- Elemental composition
(full acid digestion;
HNO;:HCIO,)

Mustard

Trace elements
(full acid digestion;
HNO5:HCIO,)

Soil-biochar mixtures

- pH, electrical conductivity

- CIN

- Cation exchange capacity

- CAL-extractable P and K

- Nitrogen supplying
potential

Soil-biochar mixtures
- NH4NO;3- extractable
trace elements
- Cd and Cu sorption

Biochar analyses
Water and Aqua Regia

Effe for: [sachate extractable trace elements

collection

Biochar analyses Leachates
pH, electrical conductivity, Trace elements

cation exchange capacity,
C/N, specific surface area




Results

Soil fertility and crop growth Effects of different biochars on

Cro
Planosol
8 110
T be b
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7 A = b ’ - = Universitat flr Bodenkultur Wien
b o - ‘ 90 - Department fur Wald- und Boden-
= o wissenschaften
5 6 =80 . D g :
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£
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© w0 types on the acidic
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” C°““°uf w008 & o oo S ‘? prunin® Ao?opﬂln\ng = . °°““f§,o; wﬁo“B 7 o SOV 3Cpmn\“9 A?Opmnmg ED .
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b e
0 [ L b T b extractability (CAL)
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e b b .
> 300 T o T S G f .
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100 e 20 4
0 T T T 0 T T
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Kloss et al. (2014), Journal of Plant Nutrition and Soil Science 177, 3-15



ReS u ItS Effects of different biochar IKU
Soil fertility and crop growth types on crop yield (Planosol)
600 4 after3 gwnths m USta rd pote after 7 months ba rley _
T c 2000 - d i Universitat fur Bodenkultur Wien
500 1 T e \N_1 ¢ Department fur Wald- und Boden-
A\ l_)r " wissenschaften
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Kloss et al. (2014), Journal of Plant Nutrition and Soil Science 177, 3-15



N content / w.-%

Results

Soil fertility and crop growth Potential causes for initial
yield inhibitions

Cro

‘BC application to soil causes N deficiency in plants” pl_—l ner ef§e sz fc_a_use_ .
(Rondon et al., 2007; Collison et al., 2009,...) micronutrient aeficiencies
(Marschner and Rengel, 2012)
o Soil nitrogen supplying
N concentration in mustard potential e.g. Manganese (mustard)
25 5 50 s
a a - b
2.0 [ : I a a 4 b ’ T 40 - T
. L T T =
= (@] a
1.5 - © 34 o 30 1 [
1.0 - ‘_3 " i : = 201 a z a
z | 2 2 I
0.5 i 10 -
0.0 - 0 ° w0« 525°C, . go5° 00 §°C
cor"s‘gﬁ w0°d %/?s\ravf pmﬂ\“% p\'U“‘“g i °°“‘550/ wood BC/ s\raW/B gnm\“ /Opru““‘g 2 S8 Bcs?raw B 53‘““‘“9 AD ““‘“g >
No or negligible N-immobilization ; increased nitrogen supplying Micronutrient deficiency?

potential (except for VP400)

Kloss et al. (2014), Journal of Plant Nutrition and Soil Science 177, 3-15



Results :

Trace element behavior
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Kloss et al. (2014), Environmental Science and Pollution Research (in review)




Results

Trace element behavior

woodchips (525°C)

Mo

plant

&

% Cu Mn Pb
Z

control

Awheat straw (525°C)

Mo

vineyard pruning
(400°C)

(=100%)

control {

(=100%) * =

leachate

(=1000%)

Kloss et al. (2014), Environmental Science and Pollution Research (in review)

vineyard pruning
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SUMMARY

Biochar characterization

Properties of biochar dependent on feedstock and pyrolysis
temperature (CEC, SSA, ash content)

Increased C content and aromaticity
USEPA PAH limit in biosolids (6 mg kg) clearly exceeded (up to

33.7 mg kg" in straw biochar); change of PAH composition—=>
ecotoxicologically relevant

q o 2. w*,‘r "Tac -
= \ 3 a8 ;|
P 2 = < ‘l . :

\'A e
1% § )
\ 3
\
-

All biochar types positively affected soil pH, cation exchange
| capacity of an acidic Planosol

Short-term detrimental effects on crop yield upon biochar
application (except wheat straw biochar)

Biochar application affected trace element behavior, partly due to
a direct input of trace elements




CONCLUSIONS

The application of biochar on temperate as a soil amendment may be overall less favorable
than in tropical soils (role model Terra Preta), but strongly depends on biochar and soil type

In temperate regions, the “amendment effect” may be limited to degraded soils

Potential soil-conditioning effect masked by (short-term) crop decreases
—> Different pre- post treatments; feedstocks, pyrolysis conditions
—> Alternative application purpose

—> Mitigation of climate change

—> Nitrogen use efficiency/ decreased nitrogen loss

—> Soil remediation potential for cationic trace elements (Cd, Pb)

However: BC application may increase solubility of anionic trace elements (deficiency vs.
toxicity)

In view of ecotoxicological relevance: biochar standardization/ quality control

long-term (field) experiments needed (other effects may become relevant-> increased water
holding capacity)
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